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Genetic innovations have long been jeal-
ously guarded—since well before Thomas 

Jefferson famously risked his life smuggling 
rice seed from the Piedmont region of Italy1. 
Since the early 1980s the United States Patent 
and Trademark Office (USPTO) has issued 
patents on inventions involving isolated DNA 
and RNA molecules with unique functional-
ities in living systems based on the sequence of 
nucleotides that make up the molecule2, pro-
viding perhaps a better option to guard genetic 
innovations than 18th century Piedmont’s 
threat of death. 

However, patents claiming DNA molecules 
with nucleotide sequences that correspond 
directly to coding regions from the genomes 
of natural organisms, often called gene pat-
ents, have for decades elicited at least three 
fundamentally different kinds of objections3–8. 
First, there is a range of essentially moral argu-
ments. Should patents be allowed to claim 
polynucleotide molecules if the sequences of 

those molecules—arguably their most use-
ful characteristic—are products of nature, 
or evolution, rather than the fruits of human 
intellect? Also, under certain conditions, these 
intellectual property rights may conflict with 
other declared fundamental human rights, 
such as the right to know and use knowledge 
of one’s own body, including one’s own genetic 
sequences, the right to essential health care, or 
even reproductive rights. Second, there are util-
itarian or pragmatic arguments. Do gene pat-
ents serve the intended purpose of stimulating 
innovation? Or, do gene patents, on balance, 
actually hinder innovation—or its utilization? 
Third, there are realist arguments, or what 
might be called public choice or political eco-
nomic arguments between interest groups with 
differing economic stakes in the protection of 
genetic innovations, such as patients versus 
drug companies, farmers versus seed com-
panies, generics manufacturers versus brand 
owners, technology-importing countries ver-
sus technology-exporting countries, and so on.

Motivated by recent and ongoing challenges 
to the patentability of human genes, we have 
undertaken a detailed, quantitative reassess-
ment of the history of US patents in the techni-
cal area of genetics. The changing number of 
gene patents, subject matter orientations, and 
assignee status all hold implications for the con-
sequences of legal decisions on the patentability 
of genes by the US Supreme Court.

The Myriad case
In the United States, the controversy over 
gene patents has recently culminated in the 
Association of Molecular Pathology v. USPTO 
and Myriad Genetics (often called the Myriad 
case)9,10. The fundamental question put before 
the US Supreme Court in this case is simply, 
“Are human genes patentable?” Specifically, 
the case challenges the validity of patent claims 
covering isolated DNA molecules that corre-
spond to natural, albeit mutated, sequences of 
human BRCA1 and BRCA2 genes as invented 

compositions of matter. The case has also  
concerned claims to various methods of using 
those isolated DNA compositions to test 
women for genetic predisposition to breast 
cancer.

Initially, the lawsuit was filed in May 2009 
with the US District Court of Southern New 
York. Judge Robert Sweet ruled in March 2010 
that the isolated DNA molecules claimed as 
compositions of matter in the Myriad pat-
ents were not eligible subject matter, nor were 
the methods claimed for comparing gene 
sequences from patients against the sequences 
of those isolated DNA molecules to assess 
cancer risk11. The case was appealed to the US 
Court of Appeals for the Federal Circuit, which 
in July 2011 reversed in part the decision of 
the lower court, instead deciding that isolated 
DNA compositions are patentable12. A petition 
for certiorari was filed, appealing the case to the 
US Supreme Court.

In February 2012, after ruling in a dif-
ferent case, Mayo Collaborative Services v. 
Prometheus Laboratories Inc.13, the Supreme 
Court remanded the Myriad case14, sending 
it back to the Federal Circuit, from whence 
it had come, for reconsideration in light of its 
“law of nature” ruling in the Mayo case. The 
Supreme Court had ruled that Prometheus 
Laboratories’ patent claims to a method for 
determining personalized doses of a drug—by 
monitoring natural levels of a metabolite of 
that drug in the patient’s blood—were not pat-
ent eligible, on the grounds that the method 
simply involved the observation of an existing 
natural relationship without actually creating 
or inventing something new.

In August 2012, the Federal Circuit issued 
its second decision in the Myriad case9. 
Following the Supreme Court’s guidance in 
Mayo, the Federal Circuit rejected the Myriad 
patents’ claims to methods of comparing gene 
sequences from patients against the sequences 
of its isolated molecules; however, on the ques-
tion of claims to those isolated DNA molecules 
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a great extent which patent claims are affected, 
and how.

A crucial distinction was made in the 
Federal Circuit’s deliberations of the Myriad 
case between simple isolated DNA molecules 
with single natural sequences and engineered 
DNA molecules. Although it is possible 
for engineered DNA molecules to contain 
regions that correspond to naturally occur-
ring genetic sequences, all three judges of the 
Federal Circuit appear to agree that, to the 
extent that changes are introduced in engi-
neered constructs, they are more likely to be 
considered “markedly different” from what 
exists in nature and less likely to be consid-
ered “products of nature”9. Thus, some sort of 
demarcation between simple isolated nucleic 
acid molecules and complex engineered or 
recombinant nucleic acid molecules is essential 
in determining the extent to which different 
composition-of-matter claims are acceptable. 
Composition-of-matter claims to simple iso-
lated DNA molecules are characterized by a 
single nucleotide sequence that is not situated 
within a combination of other genetic compo-
nents or within a specified biological context. 
As a result, such claims tend to be quite broad. 
And, it is this last subset—composition-of-
matter claims to simple, isolated DNA mol-
ecules with naturally occurring nucleotide 
sequences, copied or isolated in their entirety 
from somewhere in a genome—that most 
closely fit the idea of a “gene” as challenged in 
the legal arguments of the Myriad case.

Second is the issue of what is meant by 
“human.” This is complicated by the extent to 

sequence and methods of identifying or diag-
nosing the presence of that sequence. Methods 
of simply comparing two genetic sequences 
with one another (as abstract information) have 
already been invalidated by the Federal Circuit’s 
August 2012 decision in the Myriad case. With 
that settled, other types of method claims, to 
more complex uses of DNA, are no longer a 
focus in the case before the Supreme Court.

Claims can also be made to nucleic acid 
molecules as compositions of matter, and it is 
claims of this type that are the primary focus of 
the Supreme Court in the Myriad case. Still, not 
all composition-of-matter claims to DNA are 
considered equally problematic. Determining 
which ones are most likely to be affected, again, 
hinges on how the Supreme Court interprets 
the question, “Are human genes patentable?”

First is the issue of what exactly constitutes 
a “gene.” Fundamentally, this is a question 
of when and under what conditions a DNA  
molecule—whether it codes for a protein or 
not—can be considered a “product of nature.” 
What degree of transformation is sufficient to 
turn a segment of chromosomal DNA into a 
patentable invention? Although the isolation 
of a DNA molecule from the chromosome is 
arguably a transformation from what is found 
in nature, it is not a large transformation. Yet, 
there are further possible transformations of 
a segment of DNA, ranging from minor base-
pair changes, to more extensive substitutions 
and deletions, to recombinations with other 
genetic elements. Where the line of demarca-
tion is drawn by the Supreme Court between 
the “natural” and the “invented” determines to 

as compositions of matter, the Federal Circuit 
reaffirmed its earlier decision that, to the extent 
they are new and different compositions of 
matter, “markedly different” in characteristics 
from what exists in nature in chromosomal 
form, they are eligible subject matter. Because 
in the eyes of the plaintiffs this decision did 
not resolve the fundamental disagreement, a 
petition for certiorari was once again filed at 
the Supreme Court.

In November 2012, the Supreme Court 
agreed again to hear the Myriad case, basically 
to resolve the question, “Are human genes pat-
entable?”, raising expectations that the Court 
would overturn or modify the Federal Circuit 
decision regarding composition-of-matter 
claims to isolated DNA molecules and establish 
an exception to patentability for at least some 
class of compositions consisting of naturally 
occurring DNA sequences10.

The number of patents potentially affected by 
this case is generally thought to be in the thou-
sands10. The August 2012 opinion of the Federal 
Circuit9 cites several different references giving 
disparate counts of US gene patents, including 
Rogers’ identification of the first two gene pat-
ents granted in 1982 (ref. 15); Caulfield, Gold 
and Cho’s 1995 count of 1,750 human gene 
patents16; and the National Research Council 
committee’s 2005 estimate of some 40,000 
nucleotide-related patents7. In addition, a 2005 
study by Jensen and Murray17 identified 4,270 
patents that cite human genetic sequences in the 
claims—sequences estimated to represent ~20% 
of the human genome. A more recent 2012 ana-
lysis, by Schauinger, identified 4,977 patents that 
claim human genetic sequences18.

Types of claims most likely affected
The number of US patents affected by the 
Myriad case hinges on how the Supreme 
Court’s decision affects various types of patent 
claims. The “claims” are the legal heart of a pat-
ent, written as a list of explicit statements sum-
marizing exactly what technologies the patent 
protects. Patent claims are limited by law to 
one of four basic formats; a claim can be made 
(i) to a new method or process, (ii) to a new 
machine, (iii) to a new article of manufacture 
or (iv) to a new composition of matter. It is not 
uncommon for nucleotide sequences to show 
up in the text of a patent without actually being 
mentioned in or made subject to the claims of 
that patent. Moreover, not all patents that do 
recite nucleotide sequences in the claims are 
equally likely to be affected by the challenge 
raised in the Myriad case.

Claims can be made to methods of using a 
nucleic acid molecule (as a physical object) or 
its sequence (as abstract information), includ-
ing methods of purifying molecules with that 
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Figure 1  The shifting structure of US patents referring to and claiming nucleotide sequences. The 
darker categories are those more likely at risk if the “product of nature” exception to patent eligibility is 
extended to isolated nucleic acid molecules with naturally occurring sequences.
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Analysis
Given the range of different claim types, all 
of which can recite nucleotide sequences, 
the extent to which US patents contain 
these different types of claims is an empirical  
question that can be answered only by ana-
lyzing the language and the sequences cited 
within the claims of the relevant US patent 
literature.

The landscape of nucleotide-related patents. 
As a first step, to select the relevant literature, 
we drew upon a combination of sources21–23 
and query methods24 (Supplementary Note 1) 
to find 72,052 US patents granted through 
the end of 2010 that in some way identify or 
make reference to nucleotide sequences (Fig. 1,  
top line).

Next, to establish a benchmark for how 
many of these patents actually make claims that 
involve nucleotide sequences, we infer, based 
upon proportions reported in the CAMBIA 
PatentLens sequence database25,26, that some-
where between 30 and 39% of these 72,052 pat-
ents27 are likely to contain or refer to nucleotide 
sequences in at least one of the claims of the 
patent (Fig. 1, middle lines). Thus, we infer that 
something between 21,870 and 28,410 granted 
US patents have a possibility of making a claim 
to a DNA or RNA molecule.

Claims analysis. To identify patents within 
this landscape that specifically contain 
composition-of-matter claims to simple 
isolated nucleic acids, it was necessary to 
shift our frame of analysis to the claims as 
listed in the patent texts. From the 72,052  

animal, plant, fungus, algae or microbe. 
This problem of delineation is particularly 
acute, again, with sequences that are highly 
conserved between humans and related spe-
cies. If the Supreme Court decides that the 
product-of-nature argument applies only to 
humans, further legal challenges are likely 
to seek to extend the precedent to all iso-
lated DNA from any species. If the Supreme 
Court decides in the current case that the 
principle applies more generally to species 
beyond Homo sapiens, then significantly 
more patent claims are potentially affected, 
including many involving the use of DNA in 
industrial applications well beyond the scope 
of human medicine, such as agriculture, food 
or biochemistry.

A third and final question is the extent 
to which the product-of-nature argument 
reaches beyond just DNA molecules and, at a 
minimum, also affects claims to isolated RNA 
molecules with naturally occurring nucleo-
tide sequences. Indeed, as a practical matter, 
the language and the logic of composition-
of-matter claims to RNA molecules, as typi-
cally written, can be indistinguishable from 
claims to DNA molecules, until one looks at 
the referenced sequences. And, again, it is not 
immediately clear how or why a line should 
be drawn between an isolated DNA molecule 
and an isolated RNA molecule, if both meet 
the condition of having naturally occur-
ring sequences and thus being “products of 
nature”20. As a practical question, claims to 
both DNA and RNA need to be treated ana-
lytically as overlapping subsets within the 
larger set of claims to nucleic acid molecules.

which the human genome shares sequences in 
common with the genomes of other species, 
and by the fact that many patents already claim 
DNA isolated from such related species. It is 
not clear, going into the case, whether it really 
is the intent of the Supreme Court to single out 
Homo sapiens as a species and consider the pat-
entability of only human genes. This implies 
the possibility that the Court might determine 
that only isolated DNA molecules with human 
genetic sequences are unpatentable products 
of nature, whereas isolated DNA with defini-
tively non-human sequences remains patent-
able. Under such a biologically split decision, 
it would be necessary for the Court to provide 
clear rules for differentiating between (unpat-
entable) human sequences and (patentable) 
non-human sequences. This would be par-
ticularly important for those commercially 
important species that have at least segments 
of nucleotide sequences that are very close or 
even identical to human sequences, requiring a 
robust definition of what should be considered 
to constitute the human sequence and when 
and how it is to take precedence over such simi-
lar sequences isolated from other species. In 
other words, what are the tolerances around 
the human genome for what remains in the 
public domain? The impact of such a deci-
sion would presumably be to invalidate only 
composition-of-matter claims made to isolated 
human DNA, whereas composition claims to 
isolated DNA verifiably from other species 
would remain valid.

In practice, however, such delineation 
would be difficult to implement, particularly 
for patents already granted. Applicants are 
not required in the United States to identify 
the species from which a claimed sequence 
is isolated, and although in some patents 
the language of the claims text identifies the 
species from which a recited sequence origi-
nates, often it is not, and further investiga-
tion is required. At the same time, the main 
public genetics database, GenBank, system-
atically does not list the source species for 
nucleotide sequence accessions submitted 
from US patents. It is not immediately clear 
how the line should be drawn, in practice, 
between DNA from humans and DNA from 
other taxa19.

Moreover, it is not clear whether it is even 
logical in principle to limit the question 
to Homo sapiens. If the fundamental legal 
question of patentability hinges on whether 
DNA molecules with naturally occur-
ring sequences are “products of nature,” it 
seems this principle should apply equally to 
any DNA molecule with a naturally occur-
ring sequence, regardless of whether it 
originates from a human, or from another  
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Figure 2  The primary sources of nucleotide sequences in the 15,359 gene patents (that is, patents 
with at least one composition-of-matter claim to a simple Dna or Rna molecule) granted in the United 
States. (a) annual counts. (b) annual shares.
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Hi-Bred, focused on agricultural applications, 
is the single largest holder of US gene patents. 
Other firms with large agricultural genetics 
portfolios at risk include Monsanto, BASF and 
Bayer. The large public assignees have port-
folios more balanced across species catego-
ries, as might be expected from institutions 
engaged in a wider array of research. Other 
assignees found in the sample, beyond the top 
25, cover a wide range of commercial appli-
cations beyond human medicine—including 
agriculture, food and beverage manufactur-
ing, biochemicals and enzyme manufacturing, 
and bioenergy.

Discussion
Several key trends and structural changes 
stand out in this landscape of US gene  
patents. Perhaps most striking—and most 
vividly remembered in the public imagina-
tion—was the exponential growth in all catego-
ries of nucleotide-related patenting from the 
mid-1980s up through 1998 or 1999 (Fig. 1).  
This period could be considered the early 
“homesteading” phase of genetics patenting, 
coinciding as it did with the initial sequencing 
of the human genome33 and genomes of other 
important species.

After grant rates stabilized in 1999 to 2000, 
they then proceeded to decline through 2005, 
again in all categories of nucleotide-related 
patents (with the exception, perhaps, of plant 
genes) (Figs. 1 and 2a). A number of possible 
explanations could account for this general 
downturn. It coincides with the decline in ven-
ture capital available following the crash of the 
tech bubble34. It is also possible that the sheer 
volume of genetic sequences published in the 
scientific and patent literatures and posted to 
public sequence databases during the preced-
ing boom years may have created so much prior 
art as to preclude a range of immediate follow-
on patenting opportunities. Additionally, this 
downturn also coincided with the introduction 
of the USPTO Utility Examination Guidelines, 
first as interim guidelines in 1999 (ref. 35) and 
then in final form in 2001 (ref. 36), which sig-
nificantly raised the examination standards for 
the claimed uses of genetic sequences.

We also see that a divergence began in 1999 
between those patents that make composition 
claims to simple DNA or RNA molecules and 
those that make other kinds of claims involving 
nucleotide sequences, such as methods claims 
or composition claims to complex genetic con-
structs (Fig. 1). As the former began decreas-
ing, the latter began to grow, particularly after 
2005. By 2010, the number of US patents 
granted with composition-of-matter claims to 
simple isolated DNA or RNA molecules (esti-
mated at 838 in 2010) was less than half the 

ring DNA or RNA, we estimate that 11,868 US 
patents have been granted with composition-
of-matter claims to simple nucleic acid mol-
ecules with naturally occurring sequences 
attributed to a specific species. Of these, 5,936 
(precisely 50%) are attributed to humans.

Finally, we estimate that 8,703 (or 73%) of 
the 11,868 granted US gene patents with natu-
rally occurring sequences are currently still 
in force (Fig. 3)29. Of these we estimate that 
3,535 (41%) involve human sequences, 802 
(9%) involve sequences of other mammalian 
and animal species, 1,693 (19%) involve plant 
sequences and 2,053 (24%) involve micro-
bial sequences. Thus, 12% of the total 72,052  
nucleotide-related patents found in the US pat-
ent literature have claims at risk of invalidation 
if the US Supreme Court overturns the Federal 
Circuit’s decision. Based upon the species 
involved, it appears that less than half of these 
patents with at-risk claims protect applications 
in human medicine, whereas more than half 
protect applications in other fields of industry, 
such as veterinary medicine, crop agriculture, 
food and beverage manufacturing, industrial 
enzymes or bioenergy.

Patent assignee analysis. In considering 
the potential scope of commercial conse-
quences of an overturn in the Myriad case, 
we next identify who owns the patents that 
are most at risk. The initial assignment of a 
patent provides an indication of who prob-
ably conducted the R&D and who may still 
have an economic stake in the patent rights. 
Of the 15,359 patents granted in the United 
States that contain composition-of-matter 
claims to simple nucleic acid molecules, 65% 
have private-sector (business) assignees only, 
whereas 24% have public-sector (government, 
university, nonprofit) assignees only. About 
9% have a combination of public- and private-
sector assignees (Fig. 4)30. These shares have 
been relatively stable over time (Fig. 4c) and 
are consistent with results found in previous 
studies31,32.

Table 1 shows the top 25 assignees of 
these 15,359 US patents. These include large 
corporations, smaller biotech companies 
and a number of public-sector institutions.  
Table 1 also shows estimated shares of source 
species characterizations for the gene patent 
portfolios of each of these top 25 assignees 
to highlight their diversity in terms of the 
market sectors of likely application. Many 
are pharmaceutical or biomedical compa-
nies, with portfolios primarily involving 
human genes. Several are large agricultural 
technology firms, with portfolios primar-
ily focused on plant and microbial genes. In 
fact, DuPont, with its seed subsidiary, Pioneer 

nucleotide-related patents, we assessed all 
213,128 independent claims (an average 
of 2.96 independent claims per patent). Of 
these, we found 82,952 (39%) were method 
claims, and were therefore set aside.

Linguistic algorithms were then used 
to analyze and categorize the remaining 
130,176 (non-method) independent claims 
as to whether each is a composition-of-mat-
ter claim to simple nucleic acid molecules or 
not. The categorization results were reviewed 
by experts to resolve uncertain claims and 
to evaluate accuracy. From this analysis, 
36,571 were recognized as composition-of-
matter claims to simple isolated nucleic acid 
molecules28 (Supplementary Notes 1 and 2).

Then, shifting the frame of analysis back to 
the level of patents, we found that these 36,571 
composition claims to simple nucleic acids 
are contained within 15,359 of the 72,052  
nucleotide-related patents (at an average of 
2.38 per patent). It is this set of 15,359 pat-
ents containing at least one simple compo-
sition-of-matter claim to an isolated nucleic 
acid molecule that most closely fits the defi-
nition of “gene” patent as challenged in the 
Myriad case (Fig. 1, lowest line).

Source species analysis. We then turn to pub-
licly available databases that designate the 
source or species of origin of listed nucleo-
tide sequences22,26. From these, we estimate 
that 5,936 (39%) of these 15,359 gene patents 
primarily involve human sequences; 1,056 
(7%) primarily involve other mammalian or 
animal sequences; 1,847 (12%) involve plant 
sequences; 3,228 (21%) involve microbial 
sequences; and 3,292 (21%) primarily involve 
simple sequences designated as “synthetic” 
or “artificial” (Fig. 2 and Supplementary  
Notes 1 and 2).

The annual number of gene patents granted 
in the United States peaked in 1999 and has 
been in overall decline ever since. Since 2005, 
the annual grants of patents with claims to 
simple nucleotide molecules with naturally 
occurring sequences has stabilized around 
an average of 623 per year, roughly evenly 
split between human, plant and microbial 
sequences (Fig. 2a). The estimated share of all 
gene patents with human sequences peaked in 
2000, at 58%, but by 2010 had fallen to 19% 
(Fig. 2b). The estimated share with synthetic 
sequences reached a low of 14% in 2001, but by 
2010 had risen to almost 40% (Fig. 2b).

Although there are some questions about 
what constitutes a synthetic sequence, most are 
presumably altered from naturally occurring 
sequences. Thus, if we omit patents that pri-
marily involve synthetic sequences as likely to 
be “markedly different” from naturally occur-
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patents with claims to complex or to simple 
synthetic DNA molecules for which validity 
may be difficult to resolve. How closely could 
their sequences match natural sequences? 
What, indeed, constitutes a natural sequence? 
What about single-site mutations or polymor-
phisms? At what point do they become “mark-
edly different” from natural sequences? What 
if a variant synthesized in the laboratory today 
turns out to correspond to a natural sequence 
discovered at some point in the future? Such 
questions will likely perpetuate the controver-
sies already at the heart of the Myriad case for 
years to come.

In the longer run, a judicial exception to 
the patentability of isolated nucleic acid mol-
ecules with naturally occurring sequences 
would likely only accelerate trends that are 
already very much evident in the data. More 
than a decade ago, applicants began to move 
away from drafting claims to simple isolated 
DNA molecules and from those with explic-
itly human sequences. Although the overall 
number of US patents that describe or ref-

product-of-nature exception would necessar-
ily be broader in scope than just human genes. 
Therefore, an overturn by the Supreme Court 
will affect claims of patents not only on human 
genetic diagnostics and therapeutics but also 
on a wide range of other genetic technologies 
in other industries, particularly in agriculture, 
based upon our analysis of top assignee port-
folios.

But, the demarcations used in this analysis 
to identify simple nucleotide sequences are 
not necessarily definitive. There are many 

total number of patents estimated to reference 
nucleotide sequences in the claims (estimated 
to be between 1,768 and 2,603 in 2010). This 
divergence may reflect the economic realiza-
tion by companies, such as Celera Genomics 
and Incyte Pharmaceuticals, that it was proving 
difficult to profit from raw genetic sequences37. 
Indeed, Incyte has abandoned an unusually 
large share of its human gene patents (Table 1).  
The divergence is also consistent with the 
more stringent standards of the USPTO Utility 
Examination Guidelines, first signaled in 1999.

Finally, patents with human sequences, as a 
share of all gene patents, have declined from 
a high of 58% in 2000 to just 19% in 2010, the 
same share as plant sequences (Fig. 2b). In fact, 
by 2010, the largest share of gene patents were 
those designated as synthetic sequences, hav-
ing grown over the same time period from an 
estimated 14% to almost 40% of all patents that 
claim simple nucleic acid molecules.

Based on analysis of claims language, we esti-
mate the range of patents likely to be affected 
if the US Supreme Court extends a product-
of-nature exception to isolated nucleic acid 
molecules with naturally occurring sequences. 
Beginning with the 72,052 granted US pat-
ents that can be associated with nucleic acid 
sequences, we found 8,073 granted US pat-
ents currently in force that contain the type of  
composition-of-matter claims—to sim-
ple nucleic acid molecules with natural 
sequences—that are most likely to be invali-
dated by a reversal of the Myriad case.

The question posed in the Myriad case 
focuses on human genetic sequences. 
Previously published studies also create the 
impression of pervasive patenting of the 
human genome17,18. We find that, of these 
8,073 patents with composition-of-matter 
claims to simple nucleic acid molecules 
with natural sequences, 3,535 (41%) involve 
human genetic sequences whereas the other 
4,538 (59%) involve sequences from other 
taxa, including animals, plants and microbes. 
Based upon the legal logic of the “product of 
nature” principle as well as the biological logic 
of the conservation of genetic sequences across 
species, we reason that the only workable  
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